From a number of studies in mice, evidence has accumulated which suggests that after infection of the host with the tubercle bacillus or immunization with living BCG (CalmetteGuerin bacillus), the cells which proliferate and may be the specific mediators oftuberculin sensitivity are the thymus-derived T cells (14, 15, 20, 21) . Expressions of this specific stimulation include delayed cutaneous sensitivity and lymphocyte proliferation in response to the administration of a purified protein derivative (PPD) of tuberculin. In contrast, cultured bone marrow-derived B lymphocytes from uninfected, nonimmune mice have been found to nonspecifically respond to PPD. Stimulation of these cells is detected by an increase in deoxyribonucleic acid (DNA) synthesis and by the nonspecific induction of immunoglobulin synthesis to a variety of antigens when such cells are cultured in the presence of PPD (19, 27) . Consequently, PPD has been used as a mitogen and polyclonal activator of B cells (3, 7, 9, 10, 12, 17) .
The studies reported in this paper were undertaken to further characterize the lymphocyte response to PPD in mice, to determine whether unheated tuberculin culture filtrate also possessed the nonspecific activity of PPD, and to determine if the protein in PPD was responsible for the mitogenic activity originally observed.
MATERIALS AND METHODS
Animals. CBA/J and C3H/HeJ mice were originally obtained from Jackson Laboratories (Bar Harbor, Me.) and subsequently bred in our facilities. CD-1 mice were purchased from Charles River Breeding Farms Cell cultures. Spleen cell suspensions were prepared as previously described (25) using RPMI-1640 (GIBCO, Grand Island, N.Y.) cell culture medium without fetal calf serum and supplemented with 100 IU of penicillin and 100 jig of streptomycin per ml.
RPMI-1640 powdered medium was reconstituted with nonpyrogenic deionized, distilled water and subsequently filter sterilized. Spleen cells were made up at a viable cell density of 106/ml, and 1 ml was cultured in plastic tubes (12 by 100 mm, Falcon Plastics, Oxnard, Calif.). To each culture 0.1 ml of RPMI-1640 with or without the appropriate mitogen at various concentrations was added. Cultures were incubated at 370C in humidified air with 10% CO2 for 48 h. Unless otherwise stated, cells were pooled from the spleens of three mice. Pooled lymph node cells were obtained from axillary, inguinal, and mesenteric nodes. These cells were prepared in the same manner as described for spleen cells; however, the lymph node cells were cultured at 2 x 106/ml. DNA synthesis was measured by the incorporation of [3H]thymidine (5.0 Ci/mmol; Schwarz/ struments, Inc., Fullerton, Calif.). Cell cultures were done in triplicate, and the results were recorded as the mean counts per minute of stimulated cultures minus the mean counts per minute of controls without the stimulant. The stimulation index (SI) was calculated as the ratio of the counts per minute of the stimulated cultures to the counts per minute of the control cultures. Replicate values did not differ by more than 5 to 10%.
Mitogens. PPD-tuberculin (RT32) was obtained as a dry powder from the Staten Serum Institute of Copenhagen. This material was dissolved directly into RPMI-1640 medium at 1 mg/ml and stored at -200C until used. Sterile tuberculin culture filtrate (CF002) was obtained in liquid form from the U.S.-Japan Cooperative Medical Science Program of the National Institute of Allergy and Infectious Diseases and contained 10'mg of nondialyzable dry solids per ml. PPD-tuberculin (PPD-NIH) was also obtained from the National Institute of Allergy and Infectious Diseases. Concanavalin A was purchased from Pharmacia Fine Chemicals (Uppsala, Sweden). Lipopolysaccharide endotoxin (LPS) was prepared from Escherichia coli 0127:B8 by the phenolwater method (28) and used as described for PPD-RT32. Alkaline-detoxified LPS was made using the procedure of Neter et al. (18) . All materials were diluted in RPMI-1640.
Polyclonal activation. The procedure of Mishell and Dutton was used with some modifications (16) . Spleen cell suspensions were prepared at a cell density of 107/ml in RPMI-1640. One milliliter of cells was added to a plastic petri dish (10 by 35 mm, Falcon). The appropriate stimulant was diluted in RPMI-1640 and added in a 0.1-ml volume to each dish. Triplicate cell cultures were incubated in a plastic box at 370C in an atmosphere of 10% CO2, 7% 02, and 83% N2. The cultures were rocked at about 8 oscillations/min and fed at 24 h with 0.1 ml of nutritional cocktail (16) . At 48 h, the cells were scraped from each dish, washed three times in medium, and counted for viability. Antibody-forming cells were enumerated by a modified hemolytic plaque assay (19) using dinitrophenyl-and trinitrophenyl-conjugated sheep erythrocytes. Trinitrophenyl-conjugated sheep erythrocytes were prepared according to the method of Rittenberg and Pratt (24) , and dinitrophenyl-conjugated sheep erythrocytes were determined as previously described (19) .
Enzymatic treatment of PPD. Chymotrypsin bound to Sepharose 4B was obtained from Worthington Biochemical Corp. (Freehold, N.J.). The enzyme bead suspension was washed free of its acetate buffer, which contained sodium azide, by repeated low-speed centrifugation and resuspension in preservative-free buffer. The buffers included phosphate-buffered saline (PBS, M/15; pH 8.1), balanced salt solution (M/15; pH 7.0) and N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES, MI10; pH 7.9). PPD-RT32 at 1 mg/ml was dissolved in the buffer being used and added to the washed, packed enzyme beads in a ratio of 4:1 or 8:1 (vol/vol). The mixture was magnetically stirred; at various times thereafter, the suspension was centrifuged, and 0.5 ml of the clear supernatant was removed for testing mitogen activity. The packed enzyme beads were then resuspended, and the digestion was continued for a total period of 24 h. Controls consisted of PPD incubated under the same conditions without the enzyme beads, untreated stock PPD, and the enzyme beads incubated in buffer without PPD. The supernatant from the control enzyme suspension contained no residual enzyme activity as determined by azocasein digestion (4).
Tests for endotoxin activity. Two procedures were used to determine whether endotoxin was present in the tuberculin preparations: (i) the coagulation of Limulus amebocyte lysate (13) and (ii) the actinomycin D enhancement of endotoxin lethality in mice (23) .
The Limulus test was performed by adding a 0.05-ml portion of 1 mg of PPD per ml in nonpyrogenic saline to an equal volume of lysate in a covered glass tube (7 by 75 mm) and incubating at 37°C. A firm clot was considered a positive test for endotoxin. Observations were made at 15-min intervals for a period of 2 h. Lysate was kindly provided by Michael Mosesson. All glassware was baked at 160°C for 5 h.
The procedure of Pieroni et al. (23) was used for testing the presence of endotoxin in CF002. Actinomycin D (Cosmegen) was purchased from Merck, Sharp and Dohme (West Point, Pa.). Each vial contained 0.5 mg of the drug dissolved in nonpyrogenic saline. The drug solution was mixed with the test preparation immediately before testing, and a single intraperitoneal injection was given to each mouse. Female SW (Albany) mice weighing 25 to 30 g were used throughout. Deaths were recorded at 2 days. The control LPS preparation was tested in a three-dose assay, and the mean lethal dose was determined by the log probability method (26) .
Identification of PPD-stimulated B cells. The immunoglobulin G (IgG) fraction of rabbit antimouse IgG (Cappel Laboratories, Cochranville, Pa.) adsorbed with CBA/J thymocytes was iodinated with modifications of the procedure of Fleisher et al. (6) . Briefly, 10 mCi of 125I (New England Nuclear) was mixed with 50 jig of the adsorbed IgG in 0.33 ml of PBS (pH 7.45), and 20 1,u of a freshly made chloramine-T solution (10 mg/ml) was added. The reaction was allowed to proceed for 5 min on ice and was then stopped by the addition of 50 ,ul of a freshly prepared sodium metabisulfite solution at 5 mg/ml (Fisher Scientific Co., Fairlawn, N.J.). The excess 125I was removed by extensive dialysis against PBS. The yields obtained were between 10 and 25 ,Ci per ug of protein.
CBA/J spleen cells were prepared in RPMI-1640 medium as described above and then treated with carbonyl iron to remove adherent phagocytic cells (25) . The cells were then made up to a density of 25 x 106/ml in RPMI-1640 and incubated with anti-thy-1 (theta) antibody (1:10) for 30 min at 37°C. Guinea pig complement previously adsorbed with CBA/J spleen cells was then added to a final dilution of 1:15, and the cells were reincubated for 30 (29) . Grain-labeled cells were counted as described by Basten et al. (2) . Damaged cells were ignored, and only cells carrying 10 or more grains were scored as B cells (2) .
RESULTS
Lymphocyte responses to PPD. The typical PPD-induced stimulation of DNA synthesis seen with cultured spleen cells from nonimmunized mice is shown in Table 1 . PPD-NIH and PPD-RT32 are comparable with both CBA/J and C3H/HeJ cells. The results of an extensive screening of other inbred strains of mice are shown in Table 2 . Strains derived from several families of mice all responded well to PPD under the optimal conditions originally determined with CBA/J and C3H/HeJ mice, and sex did not significantly influence the type of response obtained. In general, the net uptake of [3H]thymidine is similar in all of the strains and substrains tested, although the SIs vary considerably. This variation is more apparent than real, since small changes in background control values which normally differ from strain to strain can cause large changes in the calculated SI ratios. It should be noted that C57BL/6J and DBA/1J mice were included, since they have been reported to be very susceptible to inoculated tubercle bacilli (8) . We thought that strains related to the C57 mice might also be of interest in this regard; however, no pattern ofresponse which would distinguish all these strains from less susceptible ones or relate this susceptibility to the degree of lymphocyte responsiveness to PPD evolved. Whereas no consistent low-responder strain to the nonspecific stimulatory effect of PPD alone has been found, the A/J splenic lymphocytes could be classified as medium responders, since both the active net uptake of [3H]thymidine and the St were relatively less than the other strains examined ( Table 2 ). On the other hand, the SJL/J strain was found to respond relatively poorly to the LPS and PPD B-cell mitogens as well as the T-cell mitogen concanavalin A over dose ranges known to be highly stimulatory for other strains (Table 3) .
Since the relative proportion of B-to T-cells in spleens is high and in lymph nodes low, it (Table 5 ). This level of DNA synthesis is about one-half that of 2-to 4-month-old mice but, nevertheless, is substantial. The SIs are relatively low due to the high background levels common to neonates.
Subpopulations of B cells. The C:,H/HeJ mouse has been shown to have a B-cell defect that is specific for the B-cell mitogen LPS; however, it normally responds to PPD and other Bcell mitogens (5, 25, 27) . This suggested to us the possibility that different subpopulations of B cells which are selectively activated by different B-cell mitogens may exist. Two experimental designs were used to investigate this question. In the first, optimal concentrations of both LPS and PPD were added together in lymphocyte cultures. From the net counts per minute of each culture stimulated by each mitogen, sums were calculated and compared to the total response obtained in those cultures to which LPS and PPD were added simultaneously. If two subpopulations existed and responded separately to each mitogen, the total net counts per minute ofthe additive cultures should be equivalent to the calculated values. The data using both spleen and lymph node cell cultures are presented in Table 6 . Similar results were obtained with five strains of mice examined and with cells from either lymph nodes or spleens.
The percentage of the calculated sums ranged from 74 to 91%, suggesting that one subpopulation of B cells responds to LPS and the other to PPD, although there may be some cells which may respond to both mitogens (approximately 10 to 25%), since 100% of the calculated values was never achieved.
In the second approach, alkaline-detoxified LPS was used at high concentrations to competitively inhibit stimulation of LPS-responding cells by cells an optimal dose of unmodified LPS (Table 8) .
Since PPD has been shown to be a polyclonal activator (19) , CF002 was examined for this property as well. CF002 was active in stimulating antibody-producing cells to the dinitrophenyl and trinitrophenyl haptens when conjugated to sheep erythrocytes (Table 9 ). Therefore, the unheated filtrate has activity that essentially parallels that observed with PPD.
Tuberculin protein. Our original hypothesis has been that the tuberculin protein(s) is responsible for the activation of normal B lymphocytes and not carbohydrate or nucleic acid components from the tubercle bacillus cultures, or adventitious LPS contamination which might have occurred during the production of tuberculin (27) .
To test for the presence of LPS, PPD-RT32 was tested by the Limulus amebocyte lysate test (13) . Clotting times for the LPS controls were approximately 5, 10, and 20 min for concentrations of 0.1, 1.0, and 10 ,ug/ml, respectively. In three trials no gelation was obtained with PPD-RT32 at 1 mg/ml after 2 h of incubation. Therefore, if any LPS contaminated the PPD, then insufficient amounts were present to account for the lymphocyte activation by PPD, since this form of tuberculin is equivalent to or superior to LPS as a polyclonal activator or adjuvant (12, 19) .
CF002-tuberculin was tested by the actinomycin-D mouse lethality test. In a range of concentrations that will nonspecifically activate mouse lymphocytes to proliferate or produce immunoglobulin, no toxicity of the endotoxin type was observed (Table 10) . On the To assess the importance of the protein components of PPD in the activity we have observed, PPD was subjected to digestion with chymotrypsin bound to Sepharose beads. The use of this insolublized preparation obviated the problem of the presence of enzyme in solution which might activate lymphocytes, as has been reported with trypsin (11) . It can be seen that there is a steady loss of mitogenic activity observable as early as 1.5 h, with a significant decrease in activity at 24 h (82 to 93%; Table  11 ). In addition, preliminary results of experiments done with insolubilized typsin indicated the loss of mitogenic activity of PPD, but to a lesser extent.
Radioautography (19, 24) .
DISCUSSION
The results of these studies clearly show that normal lymphocytes of numerous inbred strains of mice proliferate when cultured in the presence of PPD-tuberculin. So far, no strain that is a true low or nonresponder to the mitogenic effect of PPD alone has been discovered, although as we report here, the response of SJL/J lymphocytes is relatively low to both PPD and LPS as well as to concanavalin A. Whether the cultural requirements for SJL/J lymphocytes differ from those of other strains or whether this strain is genetically deficient in responsiveness to B -and T-cell mitogens remains to be determined.
Of additional interest are C57BL/6J and related mouse strains, since Adler et al. (1) reported that cultured spleen cells from these mice showed little DNA synthesis in the presence of PPD unless the mice had been immunized with BCG. A subsequent report from the same laboratory, however, indicated that PPD is a T-independent mitogen for normal mouse spleen cells of C57BL/6J mice (22) . Initial tests that we conducted with this strain also showed a relatively low degree of response to PPD, but these results were not reproducible. Using the same PPD preparation, we have subsequently obtained good responses, as reported here. Evidently some variability in the responsiveness of this strain exists, although it is unlikely to be genetic in origin.
On the other hand, a primary environmental factor which might influence responsiveness to the mitogenic effect of PPD is age. However, the data obtained with neonatal spleen cells show that the response to the nonspecific mitogenicity of PPD occurs at least at birth. These results, coupled with the findings that large numbers of cells are activated and that various clones of lymphocytes can be induced to produce antibody to unrelated antigens (19) , strongly suggest that this nonspecific reactivity most likely is not a result of cross-reactive antigens in the microbial flora of the mouse which may have presensitized adult cells to respond to tuberculin antigens.
Since PPD-tuberculin is a heterogeneous product of tubercle bacillus culture filtrates, questions arose as to whether: (i) the observed effects were due to possible contaminants, such as carbohydrates, from the growing organisms or adventitious endotoxin contamination during the processing of the filtrates, and (ii) the heat treatment and subsequent acid or salt precipitation of the filtrates produced altered proteins which possessed activity that was not present in the original unheated culture filtrates. The evidence which bears on these points are as follows. Mycobacterial polysaccharide has not been found to activate lymphocyte DNA synthesis in nonimmune cultured spleen cells (27) . In our test to detect endotoxin contamination in PPD and CF002, which is reported here, no significant levels of endotoxin that could account for the nonspecific activating properties of these tuberculin preparations were detected. That different subpopulations of B cells respond to LPS and PPD, as shown in our results and those of others (9), provides further evidence that the activation of B cells by PPD is not due to the presence of endotoxin in the tuberculin we and others have used. Additional evidence of the separation of endotoxin and PPD activities was reported by Jacobs and Morrison (10) , who found that polymyxin B can abrogate the mitogenic response of LPS but not the proliferative response of PPD. That the activating principle(s) in tuberculin is protein is suggested by the results of the insolubilized chymotrypsin digestion where almost complete inactivation of the mitogenicity of PPD occurred after a period of 24 h of incubation. Finally, the data obtained with CF002 substantiates the contention that the activating property of PPD is not due to an artifact of the preparation procedures. The results ofthe mitogen and polyclonal activation experiments obtained with CF002 closely resembled the data obtained with PPD.
Of additional interest concerning the activation properties of PPD are the findings of Yoshida et al. (30) , who reported that PPD stimulates B lymphocytes from nonimmune guinea pigs to produce migration inhibition factor and can also stimulate normal B cells to produce chemotactic factor (S. Cohen, and T. Yoshida, Fed. Proc., p. 389, 1976), effects that may be ascribed to the property of PPD as a B-cell mitogen. That PPD directly stimulates B cells in the absence of macrophages and T cells has been verified by the results of the radioautography experiment reported here. Consequently, the results of Cohen and Yoshida, as well as ours, carry the implication that nonspecific activation of B cells may play a role in the sensitization of the host evoked by infection with the tubercle bacillus. Studies of this important question are in progress.
